The biochemical events that make colonic epithelial cells proceed along the adenomacarcinoma sequence are not weli understood. The phosphoinositol signal transduction pathway is involved in the regulation of celi growth and differentiation. To 
Absolute diacylglycerol values in patients with normal colons (2-62 (0.16) nmollmg protein)
were not significantly different from those found in the normal mucosa of patients with colorectal neoplasias (2.45 (0.17) nmol/mg protein). Both colonic adenomas (n=15) and colorectal carcinomas (n=14) showed significantly decreased diacylglycerol values compared with the adjacent normal mucosa of each patient (72 (4)%, p<0-001, and 71 (4)%, p<0-001 respectively). The appreciable decrease in mass diacylglycerol values clearly distinguishes adenomas and carcinomas of the colon from the surrounding normal mucosa. This finding suggests that profound metabolic changes of the phosphoinositol signal transduction pathway occur early in the adenomacarcinoma sequence and may be important in colonic carcinogenesis.
either cell differentiation3 [11] [12] [13] [14] [15] [16] [17] or proliferation,8 19 depending on the tissue investigated.
Involvement of the phosphoinositol signal transduction pathway in the process of cell transformation is further supported by the fact that oncogene products lik p60v-src, polyoma middle T antigen, p68v-ros, pv-Ms, pv-fes and p2 Iras may influence or act as enzymes of this pathway.2022 On the other hand, some cellular protooncogenes such as c-fos23 24 and c-myc2' are potential targets of protein kinase C action.
To gain a better understanding of changes in the phosphoinositol signal transduction pathway during the adenoma-carcinoma sequence, we investigated the role of the second messenger molecule sn-1,2-diacylglycerol using biopsy specimens from patients with adenomas and carcinomas of the colon. Measurements were performed in biopsy specimens from normal mucosa, colonic adenomas, and colorectal adenocarcinomas. Diacylglycerol values in the colonic mucosa of patients with normal colons were also determined, since increased cell proliferation has been reported recently in the normal mucosa of patients with adenomas or carcinomas of the colon. 26 We 16 October 1989
Colonic adenoma and colorectal cancer are regarded as successive stages in the multistep process of colonic carcinogenesis. The biochemical events that cause colonic epithelial cells to escape normal growth control mechanisms and proceed along the adenoma-carcinoma sequence are, however, largely unknown. Recent research has suggested a role for signal transduction mechanisms in the control of cell growth and differentiation. In particular, sn-1,2-diacylglycerol, which is generated in the polyphosphoinositide second messenger system by the action of phospholipase C,' has been shown to mediate signals of cell proliferation and differentiation by activation of protein kinase C. 6I7 Tumour promoters of the phorbol ester family bypass this signalling pathway to activate protein kinase C directly by binding to the diacylglycerol site. 8I A modification ofthe method of Bligh and Dyer27 was used to extract phospholipids and neutral lipids. After the wet weight of the frozen biopsy specimens had been determined, tissue samples were quickly placed in 3-9 ml of chloroform/ methanol/phosphate buffered saline (1:2:0-9 v/v/v) at 0°C. The samples were then homogenised under N2 with a Polytron PTA 10 TS homogeniser (Bachhofer, Reutlingen, West Germany) for 15 seconds and the monophases were mixed. After adding 1 ml of chloroform and 1 ml phosphate buffered saline and centrifugation at 3000 g for five minutes, the chloroform phases were saved. The phosphate buffered saline/methanol and solid phases were washed once with 2 ml of chloroform and the chloroform extracts were combined. For determination of diacylglycerol three aliqouts of the chloroform extracts were dried under N2; one aliqout was stored at -20°C for determination of phospholipids. For the analysis of the protein content of the samples, the resting aqueous phase containing a solid pellet was centrifuged again, the supernatant was discarded, and 1 ml of 1 M NaOH was added for alkaline proteolysis. The mixture was brought to 95°C for 30 minutes, cooled, and then adjusted to pH 6 5 When known amounts of sn-1,2-dioleoylglycerol were assayed as described above, the assay was strictly linear in the range of 100 pmol to 10 nmol. The intra-assay coefficient of variation was less than 0-08 (n=3) and the interassay coefficient of variation was less than 0-12 (n= 3). PROTEIN 
AND PHOSPHOLIPID ASSAY
After NaOH-hydrolysis of proteins as described above, the protein content of the biopsy specimens was determined in a protein microassay (Bio-Rad, Munich). Phospholipids were determined as recently described by van (Fig 1) , which was highest in the ascending colon and lowest in the rectum. Values for the five sites, from the ascending colon to the rectum, were mean (SEM) 3 06 (0 2) nmol/mg, 2 62 (0 2) nmol/mg, 2 54 (0 2) nmol/mg, 2- Expressed as a percentage of the adjacent normal mucosa diacylglycerol/protein ratios were 70 5 (4)% (Fig 3) . This decrease was more pronounced in undifferentiated (57-5 (10)%) than in differentiated adenocarcinomas (72-7 (4)%).
Discussion
Extensive experimental work indicates that the phosphoinositol signal transduction pathway may play a role in the regulation of cell growth and differentiation' and may be affected by the action ofvarious oncogenes. To learn more about the metabolism of this signal transduction pathway in spontaneously occurring tumours we performed quantitative measurements of its second messenger sn-1,2-diacylglycerol in colonic adenomas and colorectal carcinomas. Diacylglycerol values were determined in the normal mucosa of patients without colonic Terpstra26 reported enhanced cell proliferation in the normal looking mucosa of patients with large adenomas and carcinomas -of the colon. Increased activity of ornithine decarboxylase, which is thought to be associated with proliferation, has been observed, even in the normal mucosa of patients with adenomas or cancer.39 Although this abnormality may be associated with the development of colonic neoplasias, it does not seem to be the specific event causing colonic epithelial cells to form neoplasias.39 In contrast, the appreciable reduction in diacylglycerol values distinguished colonic neoplasias from the surrounding normal mucosa. This finding suggests profound metabolic changes in the phosphoinositol signal transduction pathway in cells that proceed along the adenoma-carcinoma sequence. 
